Objectives: We evaluated dobutamine stress echocardiography as an initial screening test for a cardiac evaluation before a liver transplant. Materials and Methods: We retrospectively examined 111 liver transplant candidates who had undergone previous cardiac evaluation; 30 of whom had undergone a liver transplant. Results: Eighty patients (72.1%) completed a dobutamine stress echocardiography (41 chronotropically competent, 39 incompetent), while 31 patients (27.9%) required us to terminate early. Overall, 68 patients (61%) were on β-blockers (21 required early dobutamine stress echocardiography termination, 30 chronotropically incompetent, and 17 competent). Patient results were normal. Thirty patients underwent a liver transplant. Among candi dates requiring termination of early dobutamine stress echocardiography, posttransplant cardiac events included 1 fatal acute myocardial infarction, 1 nonfatal acute myocardial infarction, and 1 idiopathic cardiomyopathy. Among chrono tro pically incompetent patients, 2 patients had transient bradycardia, and among those who were chronotropically competent, 1 had refractory atrial fibrillation, and 1 had transient bradycardia. Conclusions: Nearly 50% of patients with end-stage liver disease may not reach the target heart rate. Early termination of dobutamine stress echocardiography because of cardiac symptoms or significant echocardiographic changes have more effect in predicting postoperative cardiac events, but further evaluation is required even if their target heart rate is close to that desired. Lower target heart rate may be acceptable in chronotropically incompetent individuals provided they are asymptomatic, have no echocardiographic changes, or cardiovascular risk factors, especially if they are on β-blockers.
Introduction
Over the last decades, a liver transplant (LT) has emerged as a the treatment of choice for patients with end-stage liver disease (ESLD). Better surgical techniques, advances in immunosuppression, and donor organ management have significantly improved patient survival. However, while long-term patient survival has increased, cardiac complications have become a more common cause of early morbidly and mortality. Studies report a high incidence of posttransplant cardiovascular complications, with arrhythmias and overt congestive heart failure in as many as 25% and 56% of all transplant recipients. [1] [2] [3] Patients with ESLD are at increased risk of acute coronary occlusion, myocardial failure, arrhythmia, and complete cardiovascular collapse after a transplant compared with other major surgical procedures. This is partly because there has been an increase in the number of patients older than 60 years undergoing an LT, which shows that these patients have more cardiovascular risk factors, then do young persons. 4 Secondly, despite improvements in surgical techniques, the heart must respond to major hemodynamic/metabolic stressors intraoperatively including major and rapid blood loss, massive fluid shifts, and caval cross-clamping. However, there is no effective way to detect cardiovascular disease in asymptomatic patients before an LT, or determining the risk an LT candidate with heart disease has of a perioperative adverse cardiac event.
The American College of Cardiology/American Heart Association has guidelines that suggest that routine angiography is not indicated in LT candidates, unless noninvasive testing reveals a high-risk of adverse outcomes. 5, 6 Exercise stress testing is the noninvasive method of choice. The inherent debilitated state of most ESLD patients presents them from undertaking the physical challenge required of an exercise stress test. This limitation has led dobutamine stress echocardiography (DSE) to become the screening technique of choice at many transplant centers. Although various studies have produced conflicting results about the predictive value of DSE in these patients. [7] [8] [9] [10] [11] This study sought to determine the prevalence and causes of chronotropic incompetence in patients with ESLD, and to examine the adequacy of our current DSE protocol in predicting cardiac events after an LT.
Materials and Methods
This study retrospectively evaluated 111 patients with decompensated ESLD who had undergone a DSE at our institution as part of their pre-LT cardiac evaluation between March 2009 and September 2010. The study was approved by the institutional review board. All protocols conformed with the ethical guidelines of the 1975 Helsinki Declaration.
All patients underwent a complete cardiac evaluation including a detailed clinical history and physical examination to identify symptoms and risk factors associated with coronary artery disease. These included age, sex, diabetes mellitus and its management (diet-controlled, oral hypoglycemic, or insulin-dependent), hypertension (defined as systolic blood pressure of >140 mm Hg and/or diastolic blood pressure of > 90 mm Hg) requiring antihypertensive medications, hypercholesterolemia (defined as total cholesterol of > 5.18 mmol/L, obesity (defined as body mass index of > 30), and smoking (including ex-smokers if smoking was discontinued in the 10 years before the study). A family history was considered positive if a first-generation relative had been diagnosed with coronary artery disease before the age of 60. Medication history was noted including the use of β-blockers for treatment of portal hypertension. A standard 12-lead electrocardiogram (ECG) and a 2-dimensional echocardiography preceded the DSE in all patients.
Dobutamine stress test and additional cardiac testing Dobutamine stress testing was performed according to a standard protocol using increasing dosages of dobutamine given at 3-minute intervals. Intravenous dobutamine was infused incrementally from a starting dose of 5 μg/kg/min to a maximum dosage of 40 μg/kg/min, or by the time the study endpoint had been achieved. The endpoints terminating dobutamine infusion included developing a new wall motion or ECG abnormalities, containing 85% of the age-predicted maximal heart rate (HR), or developing significant adverse effects related to the dobutamine. Patients not achieving 85% of age-predicted maximal HR at the maximum dobutamine dose were given atropine (up to 2 mg) as per the cardiologist.
Continuous cardiac monitoring was done throughout the test, while blood pressures were measured at rest, every 3 minutes during the study, and at maximal stress. The results were reviewed and interpreted by senior cardiologists. Similar to the definition of exercise-induced cardiac stress testing, chronotropic incompetence was defined as the inability to reach 85% of the predicted maximal HR for age and sex at the maximum dosage of dobutamine (40 μg/kg/min). 8 Ischemic endpoints including chest pain, segment depression > 2 mm, new or worsened wall-motion abnormalities, dysrhythmias, significant blood pressure changes (blood pressure > 240/120 mm Hg or decline in systolic blood pressure > 40 mm Hg), or any intolerable symptoms led to early termination of the stress test. We did not compare the clinical and hemodynamic characteristics among patients who achieved their target heart rate (THR) with those who did not.
At our institution, additional cardiac testing includes a dipyridamole-thallium scan 12 
Follow-up
Follow-up data were obtained regarding additional testing done after chronotropic incompetence on a DSE, or early termination of protocol, and cardiac events immediately after surgery.
Statistical analyses
Statistical analyses were performed with SPSS software (SPSS: An IBM Company, version 18.0, IBM Corporation, Armonk, NY, USA). Results are expressed as means ± standard deviation (SD) for normal distributions and median (first and third quartiles) for nonnormal distributions. Comparisons were made using chi-square tests for categorical variables. The unpaired t test was used to compare the means of continuous variables with a normal distribution. The nonparametric Mann-Whitney U test was used to compare means of continuous variables with nonnormal distributions. Differences were considered statistically significant when the value for P was < .05. Table 1 shows the patients' baseline characteristics. The mean age of the patients was 55.1 ± 8.4 years (median, 54; range, 22-77 y); 77 of whom were men (69.3%). The mean body mass index was 28.6 ± 6.7 kg/m 2 (mean, 27.2; range, 17-61 kg/m 2 ). Viral hepatitis was the most common cause of ESLD involving 70 patients (63.1%), followed by alcoholic cirrhosis in 25 patients (22.5%). Seventy-five patients (67.5%) had a MELD score < 15, and 9 patients (8.2%) had a MELD score > 25 at evaluation.
Results

Baseline characteristics
Dobutamine stress echocardiography
Dobutamine stress echocardiography was terminated early in 31 patients (27.9%), and 21 of them were on β-blockers. Dysrhythmias (n=10) were the most common reason for early termination of DSE. Others reasons included hypotension (n=6), hypertension (n=6), chest pain (n=4), palpitations (n=2), headache (n=2), dyspnea (n=2), nonspecific sinus tachycardia abnormality (n=4), and sinus tachycardia depression (n=2). Seven patients had multiple symptoms and/or ECG changes. Based on their cardiac history and/or symptoms during the DSE, 4 patients underwent a conventional coronary angiography and were found to have normal coronary arteries and 9 underwent dipyridamole-thallium scanning; all results were normal.
Forty-one patients (51.2%) achieved the age-predicted THR (mean dobutamine dosage, 34.4 ± 8.1 μg). Thirty-nine patients (48.8%) failed to achieve the THR (mean dobutamine dosage, 39.7 ± 6.3 μg) including 12 patients who received atropine (mean atropine dosage, 0.44 ± 0.12 μg; 8 on β-blockers). Table 2 shows that the mean resting HR was not significantly different between chronotropically competent and incompetent individuals. As expected, at maximum dobutamine dosage, the chronotropically incompetent individuals had a statistically significant lower peak HR (P < .05), lower average HR increment, and lower rate-pressure product ( Table 2 ). The blood pressures at rest and at maximal stress were comparable. There was no difference in resting left ventricular ejection fractions and right ventricular systolic pressures. The left ventricular (LV) mass was calculated using the American Society of Echocardiography formula. 13 The LV mass index also was not statistically different. Symptoms in patients who completed a DSE were deemed to be tolerable and comparable between the 2 groups, except for chest pain (Table 3) . The most common symptom in both groups was palpitation, followed by chest pain, headache, hypertension, and dyspnea. Premature ventricular contraction was the most-common dysrhythmia in both groups. Some patients had multiple symptoms. Nonspecific sinus tachycardia changes were noted in 9 patients chronotropically incompetent (23.4%) and 2 chronotropically competent patients (4.8%; P < .05).
Beta-blocker use
At our institution, withholding β-blockers for any length of time before the DSE is not practiced because most patients received β-blockers for a history of gastrointestinal bleeding. Of the 80 patients who completed the stress protocol, 47 patients (58.7%) were on β-blockers. Among these 47 patients, 30 patients (63.9%) could not achieve the THR, compared with 9 out of 33 patients (27.3%) who were not on β-blockers (chi-square test; P < .05) ( Table 4 ). In addition, 21 patients (67.7%) were using β-blockers out of the 31 in whom DSE was terminated early. Mean percentages of maximal HR achieved among those with and without β-blocker were 73.8 ± 14.6 and 84.5 ± 5.7.
Parameters
Chronotropic incompetence Yes, n=39
No ) who were taking β-blockers did not achieve the THR compared with 3 of 10 patients (30%) who were not taking β-blockers (P < .05).
Additional testing
In patients with early termination of DSE, 4 underwent coronary angiography, and all were found to have normal coronary arteries. Nine patients undertook dipyridamole-thallium scanning, and all the test results were normal. In the chronotropically incompetent group, 5 patients underwent right and left heart catheterization, and in 2 of them, significant pulmonary hypertension was noted (pulmonary arterial pressure of 80/30 mm Hg and 72/14 mm Hg). Six patients underwent dipyridamole-thallium scanning, and none showed any evidence of heart disease.
Posttransplant outcomes
During the study, 30 patients underwent an LT including 7 patients with early termination of the DSE, 12 chronotropically incompetent, and 11 chronotropically competent. Overall, 4 major postoperative cardiac events were noted as described below, although 1 was after a retransplant for primary graft nonfunction.
Dobutamine stress echocardiography terminated
Three of the 7 patients in this group experienced cardiac events.
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Figure 1. Patient Outcomes
Abbreviations: AMI, acute myocardial infarction; β-blocker, beta-blocker; DSE, dobutamine stress echocardiography case No. 103: A 53-year-old nondiabetic hypertensive hyperlipidemic white man experienced atypical chest pain on postoperative day 6. Twodimensional echocardiography showed global hypokinesia, which was suggestive of idiopathic cardiomyopathy. Pretransplant DSE was terminated in this patient because of hypotension.
case No. 108: A 56-year-old diabetic, hyperlipidemic African-American woman developed hypotension 2 days after surgery. A 2-dimensional echocardiography showed global hypokinesia, troponin I was raised (1.2 ng/mL). The patient died 6 days after surgery, and an autopsy showed a myocardial infarction and critical stenosis in the left anterior descending and right coronary arteries. Dobutamine stress echocardiography was terminated in this patient because of left ventricular cavity obliteration at maximal dosage of dobutamine, although she was asymptomatic. Eighty-three percent of the THR was achieved by this patient.
case No. 111: A 47-year-old diabetic and hypertensive white woman had hypotension and chest pain on postoperative day 2. Regional wall motion abnormality with a decrease in ejection fraction to 30% (60% preoperatively) on 2-dimensional echocardiography and raised troponin I (1.4 ng/mL) was demonstrated. However, the patient recovered from this event with β-blocker and nitrates. Dobutamine stress echocardiography was terminated in this case because of palpitations leading to a panic attack. The patient achieved 82% of her THR.
In all 3 of the above cases, additional testing was not done because they achieved > 80% of the predicted THR.
Of the remaining 4 patients who received a transplant and did not have posttransplant cardiac events, in 2 cases, the achieved HR was 60% of their THR. They underwent dipyridamole-thallium scans, the results of which were normal. Two patients had achieved a HR of 70% and 75% of predicted maximum and did not require any additional testing. chronotropically incompetent Among the chronotropically incompetent patients, 2 of 12 (case Nos. 50 and 81) who underwent an LT experienced self-limited, transient, asymptomatic bradycardia on postoperative days 1 and 2. Case No. 81 was taking β-blockers before the transplant, but No. 50 was not. Considering the benign and selflimited nature of these events, we did not consider them in the final analyses.
Among the remaining 10 chronotropically incompetent patients who received a transplant but did not have posttransplant cardiac events, 3 patients had achieved a HR of 50%, 60%, and 64% of maximum. They underwent dipyridamole-thallium scans, and all the results were normal. The remaining 7 had achieved HR of 71% to 80% (mean, 75 ± 3.3), and therefore did not undergo any additional testing.
chronotropically competent
One of the 11 cases in this group experienced a cardiac event after the LT.
case No. 28: A 64-year-old white man with diabetes, hypertension, hyperlipidemia, and ischemic heart disease, had primary nonfunction and received a second transplant, and had a complicated postoperative course. On postoperative day 2, after the second transplant, refractory atrial fibrillation with recurrent supraventricular tachycardia presented as hypotension and was treated with antiarrhythmic medications and ablation.
case No. 39: A 59-year-old white woman with diabetes and hyperlipidemia, experienced selflimiting, transient, asymptomatic bradycardia on postoperative day 2. She was taking β-blockers before the transplant and because the condition was benign and self-limiting, it was not considered a significant cardiac event.
Discussion
Significance of chronotropic incompetence
In our study, chronotropically incompetent patients had significantly lower resting HRs and demonstrated smaller rise in their HRs with dobutamine. These observations were attributed to a systemic hyperdynamic state, resulting from an accumulation of endogenous vasodilators like nitric oxide leading to vascular hyporesponsiveness, [14] [15] [16] reduced HR variability because of developing an autonomic neuropathy, 6, 17, 18 and using β-blockers. 19 Cirrhotic patients exhibit a blunted response to physiologic and pharmacologic β-receptor stimulation because of a reduction in the number of cell membrane β-receptors and multiple downstream defects in β-receptor signaling pathways. [20] [21] [22] Chronotropic incompetence predicts a poor prognosis and mortality in patients with liver disease. 23 Daly and associates showed that in patients who lack an adequate HR during the early stages of DSE (eg, an infusion up to 20 μg/kg/min); the administration of atropine rather than progressively higher amounts of dobutamine might provide a more effective strategy to achieve the THR. 24 However, in our study, only 2 of 14 patients (14.2%) who received atropine during the DSE achieved the THR and notably, both were not taking β-blockers. While studies have reported improved DSE sensitivity by increasing the HR response by adding atropine, 24 it must be kept in mind that these studies were performed in the non-ESLD cardiac population, excluding patients taking β-blockers, which is in contrast to most of our patients.
Model of end-stage liver disease score and chronotropic incompetence
In our study, 73% of the patients who achieved the THR had MELD score < 15. One may argue that as liver disease progresses, systemic circulation become increasingly hyperdynamic and/or these patients are more likely to be taking β-blockers. However, this was not the case because a comparable number of patients with MELD score < 15 (22/26, 84.6%) and > 15 (11/13, 84.6%) were taking β-blockers, and did not achieve their THR. These findings suggest that the hyperdynamic state is significant, even when the MELD score is low and becomes more pronounced, proportionally, with the severity of the liver disease.
In our study, cardiac symptoms and ECG changes appearing during the DSE may be more important for directing additional testing in the DSE-terminated category, even if high percentages of THRs are achieved.
Interpretation of dobutamine stress echocardiography in preliver transplant cardiac evaluation With the objective of selecting appropriate patients for further testing, we proposed using lower cutoffs for percentages of predicted maximal heart rate achieved (Table 4) , and wanted to focus on cardiac symptoms or significant ECG changes during the DSE. For example, Table 4 shows with 80% of the predicted maximal heart rate being the cutoff, overall, 49 patients (61.3%) were chronotropically competent. Among them, 22 patients (46.8%) were taking β-blockers, and 27 patients (81.8%) were not taking β-blockers. Hypothetically, if progressively decreasing the THRs is accepted, then the proportion of chronotropic competency will increase (at cutoff of 70% predicted maximal heart rate), 81.3% (70.2% were taking β-blockers and 97% were not taking β-blockers) would be chronotropically competent; thus, avoiding the requirement of additionally testing these patients without any cardiac symptoms or ECG changes. [20] [21] [22] Earlier studies evaluating the DSE as a screening technique for obstructive coronary artery disease in ESLD patients have yielded conflicting results. [7] [8] [9] [10] [11] Plotkin and associates concluded that the DSE has sensitivity, specificity, and positive and negative predictive values of 100% 9 ; however, Harinstein and associates reported that the DSE has a poor sensitivity as a screening test for obstructive coronary artery disease in LT candidates and recommend alternate or additional methods for adequate cardiac risk stratification. 2, 8 limitations This is a retrospective study based on chart reviews and has a low event rate; therefore, drawing statistical conclusions may be difficult. conclusions Overall, nearly 50% patients with ESLD may not reach the THR and even more if they are taking β-blockers. Early termination of any DSE because of cardiac symptoms or significant changes in an ECG have more effect in predicting postoperative cardiac events and should be further evaluated if close to the THR. Lower THR may be acceptable in chronotropically incompetent, provided they are asymptomatic, have no ECG changes, or cardiovascular risk factors, especially if they are taking β-blockers, although this should be further substantiated in larger, preferably prospective, studies.
